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Abstract 
Background: The incorporation of multiple types of knowledge (e.g., science, Indigenous knowledge, traditional 
ecological knowledge) is an important undertaking, which can strengthen the evidence-base for policy advice, deci-
sion making, and environmental management. While the benefits of incorporating multiple types of knowledge in 
environmental research and management are many, successfully doing so has remained a challenge. In response 
there has been a number of recent reviews that have sought to better understand the what and how, when it comes 
to bridging Indigenous and science-based knowledge. Yet there continues to be a need for methods, models, and 
approaches for integrative work. This systematic map seeks to examine the extent, range, and nature of the published 
literature (i.e., peer-reviewed and grey) that integrates and/or includes Indigenous and science-based knowledge in 
coastal-marine research, monitoring, or management in Canada. Results from this study can be used to inform new 
and ongoing research and monitoring efforts and highlight evidence gaps.
Methods: The systematic map will aim to capture all available studies relevant to the question found in the peer-
reviewed and grey literature. Accordingly, the search will leverage four databases focused on peer reviewed publica-
tions, carefully selected specialist websites, and two web-based search engines. Reference sections of relevant review 
articles will also be cross-checked to identify articles that were not found using the search strategy. All searches will be 
conducted in English. Search results will be reviewed in two stages: (1) title and abstract; and (2) full text. All screening 
decisions will be included in the database. The systematic map will employ a narrative synthesis approach that will 
include the use of descriptive statistics, tables (including SM database), and figures (including map with the studies 
geospatially referenced). In addition, an online version of the map and queryable database will be developed similar 
to other knowledge mobilization tools.
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Systematic map, Canada, Ecological research, Traditional ecological knowledge
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Background
The incorporation of multiple types of knowledge (e.g., 
science, Indigenous knowledge, traditional ecological 
knowledge) is an important undertaking, which can 
strengthen the evidence-base for policy advice, deci-
sion making, and environmental management (e.g., 
[1–4]). With growing recognition of the critical role of 
diverse knowledge systems in environmental research 
and governance, there has been an increase in efforts 
for the integration and inclusion of local and traditional 
knowledge in international environmental assessments 
(e.g., Intergovernmental Panel on Climate Change, Mil-
lennium Ecosystem Assessment, Intergovernmental 
Panel on Biodiversity and Ecosystem Services) [5, 6]. 
Similarly, there has been a proliferation of place-based 
case studies which bring together different knowledge 
systems, shedding light on diverse species, habitats, 
and ecosystems globally (e.g., [7, 8]).
Knowledge systems are made up of agents, practices, 
routines, and institutions that organize the production, 
validation, transfer, and use of knowledge [9, 10]. Here 
we define Indigenous knowledge systems as a “cumula-
tive body of knowledge, practices, and beliefs, evolving 
and governed by adaptive processes and handed down 
and across (through) generations by cultural transmis-
sion, about the relationship of living beings (including 
humans) with one another and with their environment” 
[11]. Science-based knowledge systems, with roots in 
Greek philosophy and the Renaissance, are a fluid and 
evolving body of knowledge that tends to favor objec-
tivity and reductionism [12]. There is a risk in such sim-
plifications and the reification of knowledge systems as 
Indigenous and science-based knowledge systems are 
diverse, complex, and increasingly intertwined [13]. 
However, when seeking to understand and examine 
instances where different knowledge systems have been 
brought together, delineations play a role in facilitating 
explorations at such intersections.
The incorporation of multiple types of knowledge is 
referred to here as bridging knowledge systems [14–
16]. We define bridging knowledge systems as a process 
that maintains the integrity of each respective knowl-
edge system while enabling the reciprocal exchange 
of understanding for mutual learning [15]. As [15] 
notes, “[t]his definition acknowledges the role of both 
a parallel approach to knowledge systems, as well as 
mutual learning and evolution/innovation of the shared 
knowledge base.” As such, it is similar to [17] who refer 
to “integrative approaches” in order to capture the 
dynamic and co-evolving process of knowledge co-pro-
duction associated with the intersection of Indigenous 
and science-based knowledge systems.
While the benefits of incorporating multiple types of 
knowledge in environmental research and management 
are many (e.g., [18]), successfully doing so has remained 
a challenge [19]. A significant body of literature has 
illustrated that environmental governance in Canada 
remains largely based on a scientific and bureaucratic 
framework of resource management that poses signifi-
cant barriers to the meaningful inclusion of Indigenous 
views and knowledge [20–25]. For example, efforts to 
integrate Indigenous and science-based knowledge 
systems for the purpose of wildlife co-management in 
northern Canada has, in some cases, led to the decon-
textualization and compartmentalization of Indigenous 
knowledge through its translation (and distortion) 
into forms that can be incorporated into existing man-
agement bureaucracies and acted upon by scientists 
and resource managers [26–31]. Schemes for involv-
ing Indigenous peoples in environmental research 
and decision-making have notably been criticized for 
reducing Indigenous knowledge systems to a collection 
of mere factual data about the environment, thus failing 
to acknowledge the value system and cosmological con-
text within which this knowledge was generated and 
within which it makes sense [32–34].
In response to the ongoing challenge of successfully 
bridging Indigenous and science-based knowledge 
there have been a number of recent reviews that have 
sought to better understand the what and how, when 
it comes to integrative approaches. For example, [15] 
identified four key settings for bridging knowledge sys-
tems (i.e., (i) epistemological arena; (ii) methods and 
processes; (iii) brokerage and networks; and (iv) institu-
tional/governance) to enhance environmental govern-
ance while [35] evaluated processes and mechanisms 
for the integration of different knowledge types in the 
context of environmental management.
Yet there continues to be a need for methods, mod-
els, and approaches for integrative work. To this end, 
[17, 36] conducted systematic literature reviews to 
examine integrative methods and approaches in water 
research and management. Similarly, [8] identified and 
examined 23 published studies to better understand the 
methodological challenges associated with the integra-
tion of local knowledge in ecological modeling. Despite 
the continued growth of case studies and empirical 
research on the subject in coastal-marine context (see 
for example [37, 38]), there has been no comprehen-
sive and systematic mapping of this growing literature. 
Accordingly, prior to any in-depth analysis and critical 
appraisal of the literature to identify best practices and 
approaches (e.g., [17]), it is necessary to first document 
the extent, range, and nature of the published literature 
(see “Objective of the review”).
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Topic Identification and stakeholder input
Given the Government of Canada’s commitment to (i) 
achieving reconciliation with the Indigenous Peoples 
of Canada and (ii) supporting evidence-based decision 
making, it has become evident that there is a need to 
understand when, where, and how diverse knowledge 
systems are drawn upon in environmental research and 
management. Accordingly, a review of the published lit-
erature to identify methods, models, and approaches to 
bridge knowledge systems has been proposed by Cana-
dian stakeholders [i.e., Fisheries and Oceans Canada 
(DFO)]. Due to the wide scope of such a review and the 
open-ended nature of the primary question (see below) 
we propose first undertaking a systematic map to provide 
an overview of literature and available case studies [39].
Objective of the review
The proposed systematic map seeks to examine the 
extent, range, and nature of the published literature (i.e., 
peer-reviewed and grey) that integrates and/or includes 
Indigenous and science-based knowledge in coastal-
marine research, monitoring, or management in Canada.
Primary question
What methods, models, and approaches have been used 
in studies that seek to bridge Indigenous and science-
based knowledge in coastal-marine research, monitoring, 
or management in Canada?
Components of the primary question
The primary question can be broken down into the fol-
lowing four components:
Population
 Cases of coastal-marine research, monitoring, or 
management in Canada.
Methods of interest
 Methods, models, and approaches used in stud-
ies that seek to bridge Indigenous and science-based 
knowledge.
Methods
This systematic map will follow the CEE guidelines [40] 
and complies with ROSES reporting standards [41] (see 
Additional file 1).
Searching for articles
Search strategy
The search will aim to capture all available studies relevant 
to the question found in the peer-reviewed and grey liter-
ature. Accordingly, the search will leverage four databases 
focused on peer reviewed publications, carefully selected 
specialist websites, and two web-based search engines 
(see below for more details). Finally, reference sections of 
relevant review articles will be cross-checked to identify 
articles that were not found using the search strategy.
Search string
An initial set of English search terms relevant to the dif-
ferent components of the research question were com-
piled. Next, a set of search strings was developed and 
modified through a scoping exercise using Web of Sci-
ence Core Collections and Scopus to evaluate the sen-
sitivity associated with alternate terms and wildcards. 
The terms were broken into three components and were 
combined using Boolean operators “AND” and/or “OR” 
(Table  1). The comprehensiveness of the search was 
tested against a collection of benchmark papers (n = 20; 
Additional file 2) to ensure articles identified as relevant 
were being captured when possible.
All searches in the bibliographic databases will be con-
ducted in English.
All searches of the grey literature will be conducted in 
English.
Table 1 Proposed search string for the execution of the search strategy using Web of Science
The asterisk (*) is a wildcard and represents any characters (e.g., fish* includes fish, fishes, fishing, fisher) while the dollar sign ($) includes zero or one character (e.g., 
alga$ includes alga and algae)
Search string
(“first nation$” OR metis OR inuit* OR aboriginal* OR Indigenous* OR “Indigenous Knowledge*” OR “Indigenous Ecological Knowledge*” OR “Traditional 
Ecological Knowledge*” OR “Traditional Knowledge*” OR “Local Ecological Knowledge*” OR “Local Knowledge*” OR “ethnoecolog*” OR “ethnobotan*” 
OR “ethnoichthyolog*”)
AND
(ecosystem* OR habitat* OR marine OR coast* OR aquatic* OR wetland* OR ocean OR sea OR wildlife OR fish* OR whale* OR “marine mammal*” OR 
“polar bear*” OR bird$ OR seabird$ OR shorebird$ OR “food-web” OR alga$ OR seaweed)
AND
(co-manage* OR collaborat* OR co-produc* OR participat* OR govern* or integrat* OR “dual knowledge” OR bridg* OR combin*))
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Bibliographic databases
The following online databases will be searched using 
subscriptions from Carleton University.
1. ISI Web of Science (Core Collection): multidiscipli-
nary database of peer-reviewed literature, books, and 
conference proceedings.
2. Scopus: database of peer-reviewed literature includ-
ing journals, books, and conference proceedings.
3. ProQuest Dissertations and Theses Global: database 
of graduate dissertations and theses from around the 
world.
4. Federal Science Library (Canada): database of the 
print collections and repositories of seven science-
based departments and agencies (including Fisheries 
and Oceans Canada) providing access to departmen-
tal publications, reports, and data sets.
Specialist searches for grey literature
Due to limitations in search capabilities, the following 
sources can not be searched with the complete search 
string and will be searched using simplified search terms 
(e.g., Marine AND “Ecological Knowledge”, Coast AND 
“Indigenous Knowledge”). The top 30 search results from 
eight simplified search strings per source, sorted by rel-
evance, will be screened for inclusion in this systematic 
map.
1. Library and Archives Canada: extensive collection 
contains materials in all types of formats from across 
Canada and around the world that are of interest to 
Canadians including books, government records, 
Canadian theses, and periodicals.
2. Canadian Public Policy Collection: a collection of 
publications from Canadian government agen-
cies, think-tanks, public policy institutes, advocacy 
groups, university research centers and other public 
interest groups.
3. Government of Canada Publications: a collection of 
over 430,000 publications.
4. Fisheries and Oceans Canada Website.
Web‑based search engines
In addition to the above bibliographic databases, inter-
net searches will be performed using Google Scholar and 
Google. Due to search string limitations, two different 
strings will be used and the first 260 hits—sorted by rel-
evance—will be screened for their appropriateness with 
regards to the question guiding the systematic map.
Other literature searches
In addition to the above searches, the reference sections 
of relevant reviews will be hand searched for articles that 
are within the scope of this systematic map and not cap-
tured by the searches. We will also make use of social 
media and relevant email list serves to inform the com-
munity of this ongoing systematic map and request sub-
missions of potentially relevant articles, reports, or other 
forms of grey literature. A targeted call for evidence will 
be sent to the Aboriginal Aquatic Resource and Ocean 
Management (AAROM) organizations (n = 33) and Co-
Management Boards in Canada with a coastal-marine 
mandate (n = 10) as these groups often conduct or sup-
port research projects that bring together Indigenous 
and science-based knowledge. All submissions will be 
screened using the same strategy (see below) as those 
found in the searches and relevant submissions will be 
included in our final database.
Estimating the comprehensiveness of the search
The comprehensiveness of the entire search (all sources) 
will be tested using a collection of benchmark papers 
identified as relevant (n = 20; Additional file 2). This list 
includes some papers that are not available in the biblio-
graphic databases to test the effectiveness of the special-
ist and web-based searches.
Search record database
Search results from the online literature review will be 
exported into separate Zotero databases. Individual 
databases will then be exported into EPPI-reviewer [42] 
as one database. Duplicate results will be identified and 
merged. The final search record database, which will 
serve as an archive and remain untouched, will include all 
search results regardless of relevance.
Article screening and study eligibility criteria
Screening process
Search results will be reviewed in two stages: (1) title and 
abstract; and (2) full text. Articles that meet the inclusion 
criteria at the title and abstract stage will be reviewed at 
the full text stage. In cases where a reviewer is uncertain 
about inclusion, it will be flagged for screening by a sec-
ond reviewer. If there is still uncertainty, the article will 
be discussed by the research team until consensus has 
been reached regarding inclusion/exclusion. All screen-
ing decisions will be included in the database. A list of 
articles excluded at the full text assessment will be pro-
vided as an additional file in the systematic map with 
details regarding the reasons for exclusion.
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Consistency checking
Prior to the title and abstract screening, a random sub-
set of articles (5% of the total) will be used for a consist-
ency check to ensure consistent and repeatable decisions 
are made regarding inclusion/exclusion. The consistency 
check will involve a double-blind method at the title 
and abstract stage and be done with three reviewers to 
ensure the accurate interpretation of the screening crite-
ria. Inter-rater reliability will be calculated using a Kappa 
test and inconsistencies will be discussed and reconciled 
prior to moving forward with screening. The same pro-
cess will be repeated prior to screening articles at the full 
text stage.
Eligibility criteria
Population
Case studies that concern coastal-marine habitat, eco-
systems, or species (incl. coastal birds, diadromous fish, 
and polar bears) will be included. Studies that concern 
exclusively freshwater or terrestrial habitat, ecosystems, 
or species (e.g., caribou) will be excluded.
Study design
Articles that report empirical results, either qualitatively 
or quantitatively, will be included. There are three broad 
categories of empirical studies that will be included. 
The first concerns studies focused on environmental/
ecological research or monitoring - those reporting on 
direct or indirect observation or experience from sci-
ence and Indigenous knowledge. The second and third 
concern management and decision making. This includes 
empirical studies focused on the processes and practices 
of bridging knowledge systems in the context of deci-
sion making (e.g., narwhal co-management—[43]) and 
those concerned with perceptions of ecological or envi-
ronmental phenomenon (e.g., perceptions of ecosystem 
services—[44]). Conceptual papers, perspective/opin-
ion pieces, and review papers will be excluded. Articles 
where integrative knowledge or knowledge integration 
practices and/or methods are discussed or inferred will 
be included. Articles that do not include an Indigenous 
Knowledge component AND a scientific knowledge com-
ponent will be excluded (e.g., TEK studies).
Geographical scope
Case studies conducted from across Canada’s three 
coastal-marine regions (i.e., Atlantic, Pacific, Arctic) will 
be included. Case studies conducted outside of Canada 
will be excluded. When articles include multiple inter-
national cases where one or more are from Canada, the 
article is included.
A list of articles that were excluded at full text with rea-
sons for exclusion will be provided as an Additional file 
with the published systematic map.
Demonstrating procedural independence
Reviewers who have authored articles to be considered 
within the review will be prevented from influencing 
inclusion decisions through the appropriate delegation of 
tasks.
Study validity assessment
In this systematic map we do not intend to appraise the 
validity of the studies.
Data coding strategy
Following the full-text screening, the remaining studies 
to be included will be coded using a standard question-
naire (Additional file 3). The questionnaire was designed 
to capture key descriptive information about the stud-
ies regarding five general categories (see next section; 
Additional file  3). A Google Form—which automati-
cally compiles the results—will be developed to facilitate 
the coding and metadata extraction. Prior to metadata 
extraction, a subset of articles (5% of included articles) 
will be used for a consistency check to ensure consistent 
and repeatable decisions are made regarding the meta-
data coding.
The following general categories of variables will be 
extracted from the articles: (1) bibliographic informa-
tion; (2) study location; (3) study purpose and scope; 
(4) research methods and mechanisms; (5) Indigenous 
knowledge systems. Missing or unclear bibliographic 
information will be cross-referenced using the Google 
search engine or through contacting the authors when 
necessary. Missing information regarding Indigenous 
knowledge systems will be recorded as not reported or 
unspecified (see Additional file 3).
Study mapping and presentation
The systematic map will employ a narrative synthesis 
approach that will include the use of descriptive statis-
tics, tables (including SM database), and figures (includ-
ing a map with the studies geospatially referenced).
Framework-based synthesis will guide the development 
of a structured matrix which will be used to identify 
knowledge gaps and knowledge clusters [45, 46]. Frame-
work-based synthesis is a matrix-based method that sup-
ports the application of both a priori themes and de novo 
themes [45]. A structured matrix (e.g., [46]), is a powerful 
way to visualize the frequency and distribution of studies 
[47].
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A published systematic map article will be produced 
and accompanied by a supporting file formatted as an 
MS-Excel database composed of the included studies and 
their associated meta-data. In addition, an online ver-
sion of the map and queryable database will be developed 
similar to other knowledge mobilization tools such as 
the Evidence for Nature and People Data Portal (http://
www.natur eandp eople evide nce.org). Studies will also be 
geospatially mapped at the appropriate resolution where 
discrete study boundaries are identifiable.
Additional files
Additional file 1. ROSES form for systematic map protocols.
Additional file 2. Benchmark list.
Additional file 3. Coding sheet.
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